The present work was conducted at the Experimental Station Farm, Faculty of Agriculture, Mansoura University, Egypt, during the two successive winter (critucal) cultivation of 2015/2016 and 2016/2017 to investigate the impact of irrigation water (normal water -magnetized water), levels of soil mineral fertilizers and foliar spraying with nano-material (without -Lithovit) as well as their interactions on growth, yield, chemical composition and quality of potato cv. Spunta. Obtained data cleared that irrigation with magnetized water produced the highest significant values of plant growth, chlorophylls, yield, chemical composition and quality parameters except nitrate (NO 3 ) and nitrite (NO 2 ) contents compared to normal water treatments. Meanwhile, fertilized potato plants with 100% NPK from recommended dose gave the maximum values of all studied parameters, except nitrate (NO 3 ) and nitrite (NO 2 ) concentrations which increased compared to other treatments. Moreover, foliar spraying with Lithovit as a nono material increased significantly all studied characters, except nitrate and nitrite, which gave the lowest values in both seasons. It could be recommended that irrigation potato plants with magnetized water, 50% NPK from the recommended dose and foliar spraying with Lithovit (1g/L) in order to maximize productivity, quality parameters and limiting the environmental pollution comparing to plant irrigated with normal water + 100% NPK.
INTRODUCTION
Potato (Solanum tuberosum L.) occupied an important position in the world after rice, wheat and maize in terms of the human consumption. In Egypt, it grows under different environmental conditions. It is known as one of the most important vegetable crops for local market and exportation. It is a source of energy; thus it contains a high concentration of carbohydrates and considerable amounts of vitamins B, C, free amino acids, fiber and minerals (Muthoni and Nyamango, 2009 ). The cultivated areas of potato in Egypt were 409372 feddan producing 4.61 million tons with an average of 11.26 ton/fed (FAO, 2017) .
Magnetic water treatment may change the water structure, minimizing surface tension, raising dissolvability of minerals and providing adequate nutrients for plants (Babu, 2010) . Plants which irrigated with magnetized water had many benefits as well as; raising rate of germination, growth of roots and shoots system, development of inflorescence and fruiting, fruits number, yield and quality as well as decrease the amounts of irrigation water, conductivity, the solubility of salts and pH (Grewal and Maheshwari, 2011) . Magnetized water treatment might potentially diminish the application of fungicides, insecticides, herbicides, which are expensive costs and often harmful human health and environment (Aliverdi et al., 2015) . Hozayn and Abul Qados (2011) reported that the magnetized water treatment increased growth parameters, biochemical constituents, photosynthetic pigments, yield and its components traits of all tested crops. As well as, Hozayn et al. (2013) on sugar beet showed that magnetized water could be used as the most important modern technologies, which helps in saving irrigation water and improving yield and quality under the sandy soil. The usage of magnetized water in the agricultural will enable intense to get more yield and quality production. Also, Sadeghipour and Aghaei (2013) reported that water use efficiency was increased by irrigation with magnetized water as compared to the normal water. Meanwhile, Elsayed (2014) obtained that irrigation broad bean plants with magnetized water caused significant increments in chlorophylls, carotenoids and photosynthetic activity over the irrigation by normal water. Yusuf and Ogunlela (2015) reported that irrigation with magnetized water affected the vegetative growth of tomato by inducing the rate of growth, decrease the time to maturity and enhanced yield. By the same token, Abd El-latif et al. (2015) on strawberry showed that irrigation with magnetized water + 50% NPK of recommended dose gave the maximum values of chlorophylls, carbohydrates, yield and TSS. Also, Abdel indicated that the highest means of yield/fed., dry matter %, TSS, total sugars, crude protein and carbohydrates (%), chlorophylls and the lowest values of nitrate and nitrite were recorded when head lettuce plants were irrigated with magnetized water.
Mineral nitrogen, phosphorus and potassium fertilizers are rapidly half lost by either leaching in drainage water or by evaporation. The problem does not only decrease losing high amounts of chemical fertilizers but also it extends to other hazardous environmental pollution and protect human health. N is an indispensable elementary part of numerous organic compounds i.e. amino acids, nucleic acids, protein and formation of protoplasm and new cells. P and K are essential elements herded for physiological mechanisms of growth in the plant. Verma et al. (2010) found that Azotobacter plus 75% NPK from recommended dose produced the highest tubers number, total yield and highest percent of potato plant nutrient uptake. Singh et al. (2010) and Eleiwa (2012) showed that increasing levels of fertilizers increased the potato yield. Also, Devi and Zaman (2012) reported that stems and leaves number, plant height, total dry matter accumulation, crop growth rate of potato plants were significantly increased when supplied with the recommended NPK rate. Meanwhile, Abdel on potato found that fertilization with 75% from recommended NPK dose led to the maximum values of vegetative growth parameters, total yield and quality in both seasons of the experiments.
The positive effect of Lithovit as (nanomaterials) may be due to its magnesium content, which is the central component in chlorophyll molecule and silica plays an important role in overcome drought stress and induces plant resistance to pathogens and pests (Cai et al., 2009) . Nanomaterials fertilizers caused germination increment and root and shoot length as well as seedlings vegetative biomass in some plants including; tomato, rape, lettuce, radish, spinach, pumpkin, onion and cucumber (Rico et al., 2011) . It is obvious that nanomaterials have an important role in avoid degradation environment agrochemicals, minimize the fertilizers quantities, reduce costs and control excess chemicals (Ditta, 2012 and Grover et al., 2012) . Recently nanotechnology becomes very important in biosensors fabrication. It could be used as an alternative method in a wide scientific area. Nanotechnology could be clarified as the creation of functional materials, systems and devices through control of matter at a scale of 100 nanometers (nm) or less (Otles and Yalcin, 2013) . Lithovit compound (a natural intensified CO 2 foliar fertilizer) containing 75% calcium carbonate, 5% silica, 4% magnesium carbonate and particles extremely small, that enhance their ability to penetrate plant stomata, when spraying Lithovit. Also, Byan (2014) on snap bean plants indicated that foliar spraying with Lithovit improved vegetative growth parameters and plant chemical constituents, i.e., chlorophyll, nitrogen, potassium and phosphorus % as compared to normal water. As well as, Abdel found that applying nanomaterials as a foliar application (Lithovit) on head lettuce plants gave the maximum values of all studied characters, except NO3 and NO2 contents as compared to control.
Therefore, the objective of this investigation is to determine the effect of magnetized irrigation water, different levels of NPK fertilizers and foliar spraying with nano-material (Lithovit) as well as their interactions on plant growth, yield, chemical composition and quality of potato cv. Spunta under environmental conditions of Mansoura district, Dakahlia Governorate, Egypt.
MATERIALS AND METHODS
Factorial experiment was conducted in strip splitplot design with three replicates for each treatment. The experiment consists of 12 treatments two irrigation water (normal and magnetized water), three mineral fertilizers (100%, 75% and 50%) from the recommended dose and two foliar spraying with nanomaterial (without and Lithovit 1g/L) with three replicates each. Thus, the total numbers of experiment were 36 experimental units.
Tubers pieces were planted on 7 November in both seasons at 25 cm apart on one side of ridges (9m long and 0.7 m wide). The plot consisted of 2 ridges thus the plot area was 11.6m. All another agricultural practical for potato crop was used as recommended by Ministry of Agriculture.
Physical and chemical properties of experimental soil before the beginning of the experiment are recorded in the following Table (1) during the two seasons of study. N, P and K fertilizers were applied at the rate of 50, 75 and 100% from recommended doses by the Ministry of Agriculture and Soil Reclamation for potatoes in forms of ammonium nitrate (33.5 % N) at the level of 120 kg N/fed, superphosphate (15 % P 2 O 5 ) at the level of 75kg P 2 O 5 /fed. and potassium sulfate (48 % K 2 O) at the level of 96 K 2 O/fed. A full dose of phosphorus was applied before cultivation to the soil while; nitrogen and potassium were added in two equal doses, before the first and second irrigation in both seasons of study.
Lithovit was sprayed three times at 1 g /liter water, the first after one month from bud sprouting and the others every 15 days later.
Data recorded: Vegetative growth measurements:
After 70 days from planting; samples of 10 plants were randomly chosen from each plot for measuring plant growth parameters:
• Plant length (cm) • Fresh and dry weights of plant foliage (g /plant).
• Dry matter percentage of tuber determined at harvest after 120 days from planting by allowing 100g of fresh tubers to dry at 70 C till constant weight.
Yield:
After 120 days from planting all tubers of plants in each plot were harvested and data were recorded to calculate yield ton/ fed. according to the methods described by Sadasivam and Manickam (1996) .
• N, P and K contents in leaves and tubers of potato: N content was estimated according to Jones et al. (1991) while, P and K were determined due to the methods described by Peters et al. (2003) .
• Ca and Mg in potato leaves were estimated as described by Peters et al. (2003) . Quality parameters of potato tubers:
• Total soluble sugar was estimated due to the method reported by Sadasivam and Manickam (1996) .
• Reducing sugar was determined by Nelson-Somogy method and non-reducing sugar in the samples was calculated as reported by Somogy (1952) .
• TSS % was determined by using hand refractometer model. • Starch was determined by the method described by Somogy (1952) .
• Nitrate and nitrite content were estimated as described by Singh (1988) .
• Vitamin C (mg/100g); It was measured due to the method described in AOAC (2000).
Statistical analysis:
Data collected in this experiment were statistically analyzed using the analysis of variance (ANOVA) technique for the strip split-plot design. Treatment Means were compared using the method of LSD at the probability of 5 % due to the procedure reported by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION

Effect of irrigation water:
Results in Tables 2, 4 , 6, 8 and 9 show significant increments in all measured characters, i.e. plant height, fresh and dry weight/plant, fresh, dry matter percentage of the tuber, total tubers yield, chlorophyll a, b and total, chemical constituents i.e. N, P and K in leaves and tubers, Ca and Mg in leaves, quality parameters i.e. reducing, non-reducing, total sugar, TSS, starch and vitamin C. Meanwhile, nitrate and nitrite were decreased significantly by using magnetized water irrigation comparing to normal water in both seasons. These results could be attributed to the change of water structure due to reducing surface tension, increasing minerals dissolvability and providing adequate nutrients for plant growth, development of roots and shoots. It increases electroconductivity, the solubility of salts and decrease pH moreover it plays an important role in insecticides, fungicides and herbicides, as well as, magnetized water caused increments in microorganism's number which reflected on the positive effect of the aforementioned parameters. These results agree with those recorded by Abd El-latif et al. (2015) , Yusuf and Ogunlela (2015) and Abdel .
Effect of soil mineral fertilizers:
As for the impact of soil mineral NPK fertilizers, data in the same Tables show that fertilization with 100% NPK from recommended dose gave the highest values of vegetative growth parameters, yield, chlorophyll content, chemical constituents and quality parameters of potato except for nitrate and nitrite thus the lowest values were recorded when plants fertilized with 50% NPK and the differences were significant both seasons of the study. These results may be due to the important role of nitrogen in plants. N is a major component of proteins, co-enzymes and nucleic acids, phosphorus also has a role in N 2 fixation and increase photosynthesis, While, potassium activates some enzymes and play an important role in regulating the opening and closing of stomata. These results are agree with those recorded by Devi and Zaman (2012) and Abdel .
`Effect of nano-material (Lithovit):
The same Tables show the impact of foliar application with Lithovit (nanomaterial) at the rate of 1g/liter water as compared to untreated plants. Treated potato plants with Lithovit had the highest values of all parameters mentioned previously and the differences were significant, while, nitrate and nitrite gave the lowest values in both seasons in this study. The efficiency of spraying with Lithovit may be due to the favorable impacts of it in avoiding degradation of the environmental agrochemicals, decrease the fertilizers doses. As well as the impact of Lithovit components, i.e. Ca (3%), Mg (2%), magnesium carbonate (41%) and calcium carbonate (24%), which penetrated rapidly into the plant tissues throughout the stomata and plays important roles in some physiological and biological processes of potato plants, which reflected on increasing vegetative growth parameters, yield, chlorophyll content, chemical constituents and quality parameters . These results are parallel with those recorded by Byan (2014) and Abdel .
Effect of interactions:
As for the impact of interactions treatments i.e. water treatments, soil mineral NPK-levels and foliar application with nano material (Lithovit) data presented in Tables 3, 5 , 7 and 10 show that the highest values of fresh and dry weights of plants/ g, dry matter percentage of the tubers, total tuber yield (ton), chlorophyll a, b, total (mg/g FW.), K%, ca% and Mg% in leaves, TSS%, starch% and Vitamin C (mg/100g) in potato tubers were recorded when plants irrigated with magnetized water and fertilized with 100% NPK from a recommended dose as well as foliar sprayed with Lithovit (1g/L) followed by plant treated with magnetized water plus 75% NPK plus Lithovit in both seasons. Meanwhile, plants treated with magnetized water plus 50% NPK and spraying with Lithovit came in the third place, but it gave superiority compared with plants irrigated with normal water and fertilized with 100% NPK from recommended dose without Lithovit. Such results could be due to the roles played by every factor under study in the impact on vegetative growth, yield and chemical constituents as mentioned previously. These findings, however, are in harmony with those obtained by Abdel on head lettuce. 
CONCLUSION
From the aforementioned study, it could be recommended that irrigation potato plants with magnetized water, 100% NPK fertilizing at the recommended dose and foliar spraying with nano material (Lithovit) at the rate of 1g/L gave the highest values of plant growth, yield, chemical constituents and quality parameters, but treated potato plants with magnetized water and fertilized with 50% of the recommended NPK and foliar spraying with Lithovit was the best treatment of beneficial effects for minimizing the environmental pollution, consumer health and production costs, moreover increasing yield quantity and quality under Dakahlia governorate condition, Egypt.
